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Make sure everyone in your group understands these terms before moving on.
1. Positive feedback:
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2. Negative feedback:
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Questions
A, Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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C. How might cloud cover produce a positive feedback?
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback Loops l

On the d:agra ngm ow, a) Tsert arrows to complete the feedback loops and b) label the
feedback log] i"' H5q § Ne %nd positive. MORE than one arrow may go to a single
circle. ! '
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium,
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ISP203A - Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

~» |dentify positive and negative feedback systems
e Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.
8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A — Global Change
reedback Loops

Part 1: Class Work

N

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic
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We will now look at a negative feedback system (Table B below.)
Table B. Negative Feedback Loop
Babies Crying Cloud Cover
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Part 2: Group Work
Make sure everyone in your %BJUJ()' understands these terms before moving on.

1. Positive feedback: ( (A . (‘a(ﬂﬁf '(U[f‘fh cr [h&lf) T
N NSECM- incrcases OVCmu(hmﬂfJf.q

2. Negative feedback: ) 10 Cqul.lf'bhum_
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ons
A. Why is cloud cover considered a negative feedback loop in a warming climate?

cioua  cover  KECPS i FCin 4tmp era4uUre
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B. Which specific step makes this a negative feedback loop?

cloud Covering suns rayy

C. How might cloud cover produce a positive feedback?
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Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to

thermat energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback Loops ’

On the diagram below, a) insert arrows to complete the feedback loops and b) iabel the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.
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E. Pick a negative feedback loop and expiain how it brings the system closer to
equilibrium,
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

The foliowing mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove C0O2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A — Global Change
Feedback Loops

Objectives s
Upon completion of this activity, you will be able to:

« |dentify positive and negative feedback systems

» Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes



ISP203A — Global Change
Feedback Loops

Part 1: Class Work ~

The first example is a positive feedback system. 3

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying
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Other babies wake up
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Other babies start crying
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We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying
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Nurse feeds hungry baby
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Part 2: Group Work
Make sure everyone in your group understands t‘éese terms before moving on.
1. Positive feedback: 2 & /7 p JTerrVraLas 75/4%?/( nga J /0 Ao
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Questions
A. Why is cloud cover con5|dered a negatwe feedback Ioop in a warming climate?
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B. Which spemf c step makes thls a negatlve feedback Ioop'?
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert if to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than

absorbing it. During times when Earth’s surface is covered with more ice, more of the

Sun's radiation gets reflected back to space. During times of less ice coverage, more of

the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by

greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in &
ne atlve or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b} label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate fo change in the past.
1) Determine if these will cause global warming, cooling, or neither, and expiain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living pltants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

+ |dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system fo equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic

Baby is hungry and starts @m q)é COUUXD,
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Other babies wake up
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Other babies start crying
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We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying ' Cloud Cover
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Babies are crying

WG (GRS oy H one
WY it ooy

Nurse feeds hungry baby
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ISP203A — Global Change
Feedback Loops

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. F’(;sitive feedback: (OMSES O (OYWIRUGUS (M(Wigﬂ

2. Negative feedback: (UM %S QN OPPOS\]—C QV](]’YI%Q

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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C. How might cloud cover produce a positive feedback? . ¢ lin
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’'s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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Feedback Loops -, .. \
Fohe - ’
On the dlagram below a) msert arrows to complete the feedback loops and b) label the

feedback ioops 1 nega’ﬁ“‘&e and positive. MORE than one arrow may go to a single
circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other studenis’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A - Global Change
Feedback Loops o

Objectives e
Upon completion of this-activity, you will be able to:

¢ |dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2, A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equiiibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes



ISP203A — Global Change
Feedback Loops

Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and sfaris
crying
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Other babies wake up
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We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying
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Nurse feeds hungry baby
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Hungry baby stops crying
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Other babies stop crying




- GROUP # K
ISP203A — Global Change .. Student IDs of Members Present:
Feedback Loops AUooo Y q Q'T
A42115215
Auoe5I4ge

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on. \'\ L
1. Positive feedback: & C Lie poa o DISHN F L otaantey ¥ucbut—C Mjﬁ,j
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
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C. How might'cloud cover produce a positive feedback?
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun'’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. \ \
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F. Pick a positive feedback lcop and explain how it moves the system away from

equilibrium. |
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ISP203A — Global Change
Feedback Loops

Objectives .
Upon compietion of this activity, you will be able to:

¢ Identify positive and negative feedback systems
+ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes



ISP203A — Global Change

Feedback Loops
Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

Methtng gty celealed

VAL O ReD e

Other babies wake up

UACALCAL G e
wnelts, @@umo,ém%:%

Other babies start crying

me,l{'tr\g pmmo@\@‘é&
Ceh eed  meHhcne

We will now look at a hegative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying

nerossed  pXArf AL oY
G. G, -

Nurse feeds hungry baby

((,UQA,WL&r\ﬁ Lo eNaLD oo,
& edoud Cole

Hungry baby stops crying

ool Coven blacle
STANN

Other babies stop crying

(esS Sun =[L8S Lanmning




GROUP #: ~
ISP203A —~ Global Change - 6 Student IDs of Members Present:

Feedback Loops 37 Z7 1

AY220509
K599 bl b4
Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: One C,m;.f\%q COES onGTnad C}(\Ow\r\%ﬁ 3{;
e Comes 1Zaach,
2. Negative feedback: )
O Chourgl Couses Ounetinge oL 4o Slow,
~ Y’d:,.-r; . - O ’.\
Questions %Qf gt C/!I\CL-VL? YW O 6)4&-) 1 CUJ\.Q«th. L

A. Why is cloud cover considered a negative feedback loop in a warming climate?

WO domp menenss adkta Napet Cond it

WA Louass mew CloudS those clouds block Sun whid
conden o evip 1o loweg .

B. Which specific step makes this a negative feedback loop?

The chouds blgtl N SM\L&&WW‘T

- odri“f\og?w
C. How might cloud cover produce a positive feedback? A _ X
ML Clouds = s Lska voupel = less o, of ﬁﬂ.\f\o:m@.%
. et L a Tt
%&%Q& on Ohnesphere = le<s G- Gusser +o P ok

% OO N A e ﬂ/@i”i‘i‘%"&,,k

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convetrt it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun'’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated fowards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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1SP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.
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e Decreased | &\ /ﬂnor:ar \]
\net radiation L /
y, clouds /
. . P

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.



ISPZ203A — Global Change
Feedback Loops

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash ¢an remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A — Global Change .,
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

» Identify positive and negative feedback systems
« Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Feedback Loops

Part 1: Class Work

/l

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

greahhouse gas Cause@ ncreased
warming

Other babies wake up

WOLPING, molds PES Mafrost
ord relRases methane

Other babies start crying

qrc@nhous& ool causas more
Increpeat wuxmeh&

We will now look at a negative feedback system (Tabie B below.)

Table B. Negative Feedback l.oop

Babies Crying

Cloud Cover

Babies are crying

csreznkovse Aas @muse nereasedd
wormng

Nurse feeds hungry baby

WOXWHING (o us@s eviupaiiion ang,
wnoreased Cloud covel

Hungry baby stops crying

Cloud cower bloctKs suniigin,
CO\uSma& {ass wWorming
[1

Other babies stop crying
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: & C)ncmod( of e Sysiem ok ot s more 8-t
SaUMe {"[/\t'r\a3

2. Negative feedback: &, ¢hounec of e 24518 thod Cowses Less e
OPpesifeof Somaihing.

Questions

A. Why is cloud cover considered a negative feedback loop in a warming climate?
W reflecys dhe sunlight and Cons€s (OS5 wax tin 4

B. Which specific step makes this a negative feedback loop?
rQHcﬁnm} more Qﬂh%\n’t batK ¢o Space.

C. How might cloud cover produce a positive feedback?
W t‘f/\.Q a.jcuz, Kept on nuousl.‘.& Creovkerl wagkce e
He samy ;;;i‘-m;,r;gd@ it woulel ke posthve feedbock

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain y?;ug;ionse.
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1SP203A — Global Change
Feedback Loops 7

On the diagram below, a) insert arrows to complete the feedback loops and b} label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle. PCSITIVE FEEDBACK
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

e ngehue crekies rnoce uider Vopor whniich Crgedes more

clouds )mm.\mym Sun Froen aosang Hag odonae seharC G muth

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit

your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: ﬁcnwg;’r‘aivf) Commes mort o Ml fome H«rnj s

happen
2. Negative feedback: S ‘
emetiaing  Cavees  on even b thakt cavies  Jegg of
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Questions fposike
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Becanse  Layta ineveayed eloud Covey reso fts

e oty MQD-V’M(D\j .
B. Which specific step makes this a negative feedback loop?
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C. How might cloud cover produce a positive feedback?

T¢
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback L.oops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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On the didtiambislow}d) insért arrows to complete the feedback loops and b) label the
feedback loops-as negative dnd positive. MORE than one arrow may go to a single

circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from

equilibrium.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Posntflve feedback: /a ‘f"f»“t ¢ SOOI Ll

2. Negative feedback: ’ ;
{!{ L“"""’f%_ﬂ{. 3*‘ :1 -’J{: ”U' "w {/"\,.«g:‘i,;

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Lecavse. W mates e oLl Copdpr

B. Which specific step makes this a negative feedback loop?

g P . .
The C»éﬂ'biﬁ-ﬁﬁ rELAL (:wf':’f,:?‘j }wa;{‘

C. How might cloud cover produce a positive feedback?
(b s v

mag,i{{; o, e

coodd. s Wb coler oo
Albedo: g

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response. /
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

¢ [dentify positive and negative feedback systems
+ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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ISP203A - Global Change
Feedback Loops

Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and staris
crying

Other babies wake up

Other babies start crying
. ; s

Lo ,f A

-1/ We will now look at a negative feedback system (Table B below.)
i

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

]

Babies are crying

.W\

Nurse feeds hungry baby

na oy LA/AYI8IAAen

Hungry baby stops crying

Other babies stop crying

Yo of dorme
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback:  jrgn M@g 0awse Mot 8F Lame C,(/W

2. Negative feedback: (,;{Aon (‘J/\WZS Cae avy @W@Sy‘\f{
spnse oFehangl
Questions e fbﬂ 9

A. Why is cloud cover considered a negative feedback loop in a warming climate?

Y clovd cover prabesy reduces the amound-
of SUnlyﬁm% (ot reaches e cow HN
B. Which specific step makes this a negative feedback loop?
Cloud. cower blocks SO’ll\fglﬂf) Qa,oswﬁ
less Warmmg
C. How might cloud cover produce a positive feedback?
‘.Iﬁ e atert Hha (-}Lc(& M o_da@fm+p[qC{
suchh @S uhen~ cloud Cover 1ebs v less
%UV\(*'C)\'\*“. so iF conbnus fo fef un keSS 3‘”‘“5&1/-

Albedoma & o mone. ¢ 3 M same 2 %CW(

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by

greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change
Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
The elovd tover L:JS [ess sm(u9w~m

Ccvswuﬁ o d2eorense un oy loeng: ng
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate {o change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth Kilis living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.
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Objectives

Upon completion of this activity, you wili be able to:
¢ [dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

CG thaon dnowd @

refeagech

J-DGL Il J(\-._-,.., &

1~ %o o droe PWere

Other babies wake up

TemPere huee 3 motias, e

Other babies start crying

Ptrmme c-l'bﬁub-

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying

Greemtoune Tnbeecc g

tac-'\

"-‘-"-“n-‘:r\r-.

A Actreapeed

Nurse feeds hungry baby MO ave@eruh i
i e iee

Hungry baby stops crying rere Clowsh Cootye

Other babies stop crying Acmenn s a

(_Ju-u"\‘..’\s

Yoo /-\c_m.p Inereayedh




o~

' Toe 9T GROUP #: |
=3 :
::SPIé(I)fAk—LGIobaI Change Loore o= Student IDs of Members Present:
€eqdback Loops <o__’{26\ AL33esa3™ AT A A A
.,\'L
\\fl"z,ff-etb PrHoczog6e  py3y g0 68FC
P‘l—

Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: w cinenne in the  Gysder  Ceuset  for .. ety £ 6

Guets ey SoAme CompPoment imirecst overe 1Y
2. Negative feedback: a  cremye tn whe buor Covses o decrcese i
e Sore o o
ariyt b
Luel e & S0t ComPormen > B S O

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Hacevee RS S Yoty owh LB ceeyt .y Lt o P e e el lmereeagy

el ovak Clover Lavefere kiem™ Cameh, e e At deceeent

B. Which specific step makes this a negative feedback loop?

TV mprease 1m Clavch Cover Ladlm e [ PRI N D e ng

C. How might cloud cover produce a positive feedback?

D ecews o U POy P . . Car v Ceerhe Y e e etl
e Aeerease 1__;=¢~r--.r-¢5_‘ L""t""""- ‘DOU ‘:C-Lb'.-\-c. Pf‘!..u'.“:‘,'*'t—!—m
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

[- 140 37 -
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Feedback Loops

On the diagram below, a) insert arrows to compiete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

o,

N

%,

\

=

7

( Less sea jce ;

N4

A

Earlier

Qngwmelt/

.

'
increased |
net radiation

: e, 'ﬁ_ﬁm\\ | / N
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| scru?h/ albedo  / k evaporation ;
grawt / ) /

\\“—_" \\ N \\‘ ‘‘‘‘‘‘‘ . /
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| / \
net radiation | | summer
Y clouds /

hN

[

o

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from

equilibrium.
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Feedback Loops

Part 3: Homework

If you comptlete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate {o change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash ¢an remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainfarest
Cutting down large portions of the forests on Earth kills living plants that remove COZ2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A — Global Change ‘ %
Feedback Loops xd

Objectives

Upon completion of this activity, you will be able to:

» |dentify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 14: Background Notes
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Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

(0l ¢ [Mahum seleasd/

Other bahies wake up

"LEWF{V‘U[V{e 50 ) UP

mells  pevmare o

Other babies start crying

é/{ [fe\’:a’ Lavs<t Ingrease S 7L¢.’Mp
V|

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying

é” fas  Cacc<s f!ﬂcﬂwfw; (,ch/m!“r

Nurse feeds hungry baby

[/./bwml:j ¢SS Quap;,,fa[wl\m

Hungry baby stops crying

(’J.a\,(j Cover ,L[oc45‘ S’uw{szﬂe Caysy
!“'-<§ b«arw}'ma .

Other babies stop crying
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Part 2: Group Work A42097047
Make sure everyone in your group understands these terffis before moving on.

1. Positive feedback: P WHMZ[ZBZ.

ISP203A - Global Change .
Feedback Loops

2. Negative feedback:

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

B{(av‘f}e {Ahrmers -;({WS =z More QU&,’/’&G’“M“ ‘ﬂd‘&[\ [ena[f 76 Werg ((Uud Covas
o cobler Lewrf

B. Which specific step makes this a negative feedback loop?

more ood  cover whih JW‘““@ TL“W)’

C. How might cloud cover produce a positive feedback?

C(Ouou Cover  Lan fmp In U/// 6“{,5- ard fmcrm-;(
iewd.mlv'f‘i

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing if. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’'s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

?oq}l—.lu( DMJEQQ,L, lu@dh ‘Le({ é(ﬂdeﬁ CO‘UW‘:j{ (./guf‘-ﬂf ot
Hed bdey ol absobal be He lapd J  melfs He
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On the diagram below a) insert arrows to complete the feedback loops and b) label the
feedback Ioops as negatlve and positive. MORE than one arrow may go to a single

circle. s

Ay
Earlier } <
L snowmelt

N4

ni?ﬁiﬁii‘ln\
\ AN

-

Increased

J;’.'

Decreased. ) ( Increased |
!

{
{‘ serub i alhedu evaporation |
S Browth ] \ / \ _
N —~— e N ,/

/ .... \ / \\
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

more heorng ™ Coust  1esS  aving.
it pangs G 1D equilipnum
by eoualing Kt 3 cold

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students' answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A - Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

+ [dentify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic

Baby is hungry and starts
crying

Other babies wake up

Other babies start crying

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying Cloud Cover

Babies are crying

Nurse feeds hungry baby

Hungry baby stops crying

Other babies stop crying
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Part 2: Group Work _
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: U\)\’\élx U B ﬂ Coiod Mﬂ f0e.T }‘Q@J%Qé,{:ﬁ,{w
YO CONRTRN o Nrease
2. Negative feedback:

\persaier C)ndaoém ot COMEHS

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Cromdd COouer T ohy CREANN IV 2N OR By

B. Which specific step makes this a negative feedback loop?
CAOS Codl ROC, *’ai.,»m\‘ﬁﬁm

g7 o arca wa‘yﬁ\\f\ .
Cpmaf ﬁ 92 AN OY’

C. How might cloud cover produce a positive feedback?
\& &'(./W\p S Q\‘(ﬁéﬁ‘)\«vh 6‘&7 w}\c\fd ""g}
fleud Conse Codbes vy OV g Vvl
Hao bk M&'LLM U\

Albedo:
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the

Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by

greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

b o Ype posienie DOLEVEC 3 e 1L yneltd
e 5. T BE r}q LaJ e %U*N‘\u‘ { *H‘\f" L“p\é Cause ¥ire
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loaps and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Eariier )
\ snowmelt
\\__,___,/
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ey -
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium. . E, -
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F. Pick a positive feedback loop and explain how it moves the system away from

equitibrium.
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ISP203A - Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for.the climate system.

Aerosols

Large volcanic eruptions can gject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






Feedback Loops
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: Lhorst in At St 1o (avsvs  Forde ¢ Changes  Ca Svel
57S&.vm vt s Sovne Cevn POY¥ng in he FySlep Nrnases anrall,

2. Negative feedback: A h
PNGE N A Y Sfenng d"‘tﬁ"f’; mc(OP(JUS;\f\é MSP‘Q‘?S‘{

Ay SHv, Swen Mar he
Questions 979::”1 f]:} Lo Mmoo 3 (leSv A
A. Why is cloud cover considered a negative feedback loop in a warming climate?

GRERNGS  Qases fauses Merensd Wesmiay o wacming (usep

8P A and Wge Ll Coer i e Blocte s
Sunt bt (ovsts 155 aminy,
B. Which specific step makes this a negative feedback loop?

{ -j_(/\ac‘ N / 3
! hos >4
a{ming, 9 0o N s sy (”*’91“'7’—%-%«444—_4..&.01( NV

Weryme .
C. How might cloud cover produce a positive feedback? with Tagoses vaflarnn g

ek, (i
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Sorthe told o dipade.
Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

Posiive Leedback. loo? — Trueayd 3(01%{\ viog (s vm.lkmvsc'&—
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g A _,é%V oy N .
On the diagram pélowr;y-a_;_)lihsen arrows to complete the feedback loops and b) label the
feedback loops“a@shegative and positive. MORE than one arrow may go to a single
circle.
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E. Pick a negative feedback loop and expiain how it brings the system closer to
equilibrium.

Ve otimﬂnq[fercr/ bebhiy=3 Yocreased, evnpe P e ommer ¢lode ~>
P dere®5o] ol it fogy o, ww)

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: a, Nellatieob- luq?: Ve v ttrs 0 Sl odovias w‘ w?ub‘cwh
S Chonreg, W g \Rzuwle e Cor-wz.ar: &k«&”? "\"'*'“*-23“ i

et inon ( To \potta mf:wmm & Luw.{ma
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback loop?
LW W= 3 d Wﬂﬂkw‘:}@f‘vﬁ%ﬁﬁlﬁ

C. How might cloud cover produce a positive feedback?
A A cobd Cibrrcnh € NGALGLS. 2.
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Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.
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ISP203A — Global Change

Feedback Loops C
m?l" b

ST On fhé“d'iégréﬁ"l below, a) insert arrows to complete the feedback loops and b) label the
feedback-loops as negative and positive. MORE than one arrow may go to a single
circle.
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E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.
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F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Objectives
Upon completion of this activity, you will be able to:

» |dentify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system 1o equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic

ey

Baby is hungry and starts '
crying ()ﬂ.é\h \/mb%ﬂ OEO%C r‘«(,wfﬂg’{( (e
VP2 St

S o el Pettedogy
Other babies wake up M’“w} den
£ jeuse S M"héu\*Q

Other babies start crying Te (LA"—‘“’ e oLy,

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying Cloud Cover

(_)res?v\ lf‘C\;_lge/ (c,_ LQ{ IL-(U“C('- Se

Babies are crying
O Pivy

wa(mnw} (o ’8es

‘ ‘?UQPO.\::(.[(._U o
Ny Clod Cowtv”

Nurse feeds hungry baby

Hungry baby stops crying

Other babies stop crying
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: | 3, 0 G O Lo, 08 evink (bu%eS U Spaa
Jf““\cf\ 42 LeeR occuw ' |
2. Negative feedback: \(3

W\’QV\ W C{C&UJ\ of L AT EOS Pubﬁeﬁ i C—PPDS\“C ‘h’lV\j R4 OC(/U(}

Questions (kess ek e Sosm ol offosde

A. Why is cloud cover considered a negative feedback loop in a warming climate?
(lovd (onel U ¢ ke (enfdaed o M"{d‘“@ Sewd poclk Becau $¢

{roonhovsn effeck (au=S gy reenhods etbect, Laeg
(ke WO QUC\FDICA'{ILV\ Lol Crent @3 ireag. Clovd G ‘ms Cuned
UOC\VM\“"%‘ fess
B. Which spectific step makes this a negative feedback loop?

T Koottt (lowd Come Makg Fo- Otuosigee legs Lugggn
Meong  bess Q\J&chcdrm\q wWhedn e\ WRa, o choeak .
Clook CowtrO e st MO Wo\iwvj QU e

C. How might cloud cover produce a positive feedback?

Bevie T oS oap wbud ot {w% emovﬁav\ e o
ot votflese MU@S Clredi a2 *b@%‘\ %-f WU C{)H?Qf ondd doH\%‘

Ailbedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases..

D. If giobal warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

(lobad  Wotmmy (ackes o toss ok Glowes S ot Toe (ueets Whick

wov & Be g Poti+ e {egdboddc, s 1S becovse ot legs g[ﬁf\«?(s
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Feedback Loops

On the diagra
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ISP203A — Global Change

1,4. ii»l ' . ::_,.u

insert arrows to complete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier

Increased | /
SR ﬁ net radiation | e E e -
Increased\\ . ‘_/ ; T \ ' A
b \ — Decreased | Increased )
1 sery \ i albeda _,_,/ﬁ’ evaparation
\ growth \ 4
R

AN

Decreased | g !/More \i
ase t summer !

et radiation 4 clouds

. \\

s, T e

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. eSS e WAeS T oy \euupcwazan

ol Mearg po Suel Clords kel v;ewis less
(b ok & vess heorv My by A Mt beuy U
MOTIAN oS W 1 Hob:’? \ More  ((pdd o,.:il Heer

g ettty P
LesS  §unhght Ao gy quefae<

F. Pick a positive feedback loop and explain how it moves the system away from

equilibrium. e
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p\;_.%,&\{( ot becovs Yo et reefs Se\vuj Posihve vorte,

o doww,
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols

Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kilis living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.






ISP203A - Global Change ' /
Feedback Loops ’

Objectives
Upon completion of this activity, you will be able to:

« Identify positive and negative feedback systems
¢ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitationa!l energy, thermat energy and/or chemical energy drive all movement and
change of matier on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Feedback Loops i

Part 1: Class Work
The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic
Baby is hungry and starts @Ythgb Yas Cov St
cryng INCYLASLA o emninGy
N o pni 1y S R Y
Other babies wake u
g and Wheroes ol
Other babies start crying

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying Cloud Cover

Babies are crying

@V\th i} M 02’& % A g FEE P T o P

oot e el LA OO Gy rbd
Nurse feeds hungry baby 4 o Se S o
e IVvetos e Clovol oo v

(‘/'DUo{ Lo Mav blﬁcf’fs 5Un!i;$},§"§g"

Hungry baby stops crying ] . ,
CO\.USi ,‘V?]_ Yhewtose s b/ o et Q:

\b( ]

QOther babies stop crying
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback Sane,
Conhinis 1n T

2. Negative feedback: Oppﬂ‘alu" NW?‘/ CW\‘h‘(\ULS]ﬂ Dppﬁgqbb WW7/

Questions
A. Why is cloud cover considered a negative feedback Ioop in a warmlng climate?
stips Wgy? 10m 500 ,wn )it 1T wedy
‘”WVM//Q' ﬁ vt was Jistf {,ﬁ.ﬁ{b&e(‘/‘(.

B. Which specific step makes this a negative feedback loop?

Normnally et 1 sunt puts 1l Werin it warm s
e ely s vt b eavse e r:ﬂ"rmr,aﬂ’ Sptet g,
e elovef e ardn s ot woadin g o ../pﬂﬂm;-mdra a5
A
C. How might cloud cover produce a posmve feedback?

1% 1175 MWW&’IS & Mw’-d/l, and He PN vk L, e

Albedo:
On Earth, water and soil covered surfaces absorb the Sun'’s radiation and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. if global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

—T/'i' waoulel 122 Mf’aﬂuﬂiv—(& Pt & sl sg VPU{Z’&..!!V& e /fﬁ}/mj/ﬁ,

%mm Lyn W#’u{'ﬁ// ﬁff&f!é’ﬁ’effﬁ"%f,
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Feedback Loops

Onthe dlagram below a) insert arrows to complete the feedback !oops and b) iabel the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

e e —

. // -
\ I \\
Earlier > | Lessseaice |
snawmelt 4 '

N4

T,

i Increase\ ‘ /-

e net radiation e N
SN / - / ™ /
Increased 3 S -

T
{ b } - Decreased Increased 3
i serun } \‘ albedo l\ evaporation
\ grawth , \\EFL({L’({ om

________ v

oy © e
Decreased ‘; More \il
f

R " summer
——={ ne e
\ \ t radiation e \ clouds /

L o it 2

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. .
H'rﬁr'f +here pyes \\mov-e ot Yo sjoherte Wﬂ? 77 which (evses
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F. Pick a positive feedback loop and explain how it moves #he system away from  Atsurhing i 4

equilibrium. Gtrmogphierc.
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Liyed 4nerd  poos ok almbsphuic fo, Areg ! wbhieh cavr
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Part 3: Homework
If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unigue from other students’ answers. Submit

your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will releasé methane gas, a greenhouse gas.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
. |t ive feedback:

Chang n o sl Hod-canes yrpre change

2. Neg tive feedback:
M A S\ SN thcr‘r ﬁws anopse response N the.
MG hargs closer do equlibritin

Questlons

A. Why is cloud cover cohsideréd a negative feedback loop in a warming climate?
(o cover b\cx‘hz S Y o\cm@? wanming, 4 meve
maqs!em bacth, closer -b an ez (x brl'bufb

B. Which specific step makes this a negative feedback loop?

decrease. N Jempecature

C. How might cloud cover produce a positive feedback’?

Clouds i wakr vy adivesphee, e mare e~
[ia cérw@g?\fe@ tre wore vamn ¢ ma?sarcdv% ©

Albedo:

On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases. ' ) '

D. If global warming causes thé Ibss of glaéiérs and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

s 5 apastive feadbacdh loop. fetimg o gladers €pZ
W‘(ﬁ?@ o er\fdof h o e andh ec\H?ﬁs oo, Thep
absard Yext  and canse: wore mrethng ot The
8\0@(6("?;
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On the diagram below, a) insert arrows to complete the feedback loops and b} label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.
START
/”""““\ =
( Earlier ¢
\snowmelt /
M
( Increased :
L net radiation e —_—
%.-’ Increased A - \ / \\
=3 SRR : ; Decreased | { Increased
6\-5’ \ scr:;{dm,kﬁg ' \  albedo & evaporation |/
S <3 \ gro '/ }Q@Elec'h N
%?' 2 \h\; - s E '? —
f / \‘ ) / Maore \‘\
g Decreased } ( summer }
| k/v wet radiation / \ clduds
N N

Tresgiem

E. Piclg_a pegative feedback loop and explain how it brings the system closer to
«ﬁzj"}g&nﬁ\(@ Keedboct) kp oF o\ g bady beirg faf
mﬁsﬂziﬂs‘m Cexer o o equilipnum &1 nG bobiey
C \029‘ i Grzbabx;é’rcl'{) cry ,@ﬁhe@*hcrba&es @)

gop argquiet cavn Jeavst she land oise. s gome

F. Pick a positive feedback loop and explain how it moves the system away from
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Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

» |dentify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive alt movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

GO Coewie
J

{\1 YL g

2R

bR wnens v Gy

Other babies wake up

Pe € Lo, 5‘! £

AE LRI ALY V'iﬁ:‘, BEEF 4 by

BN Wigns, ~ WG £ oe,

Other babies start crying

Riten bogsr o (g

Vit vt
7

We will now look at a negative feedback system (Table B below.)

Tabie B. Negative Feedback Loop

Babies Crying

N PPy
Cloud Cover * AlGhne

VIO N,
[

Babies are crying

= LS

[T 4 L e -
LRGN g PP a4 Com T T o L J’E’

Y
1 AR S e

Nurse feeds hungry baby

&
WAy Coruses €ye Povadion

sl T owwoa fouty

Hungry baby stops crying

CLOUA foue v DYECM Bue e lad,

{eavsi\ng LA e e
[4] 7

| Other babiesstopcrying -

e
A\
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.
1. Positive feedback: Clrnoise s A0 o0 =US0WA Couusa Ve f e v
e 3;,) by Fhas i UM e U

v

2. Negative feedback:

2

Y . . i ,'
e ALED Y G SUIS vy 4 Wlhe oo u_% frins O ¥y e CU\Q\V\E)Z
o s { 3
" T . 3
QUGStIOI’q‘S{ l“{) {} g {,\ i; N f}_*"‘ N

A. Why is cloud cover considered a negatlve feedback loop in a warming climate?
Vs Conaadercd o WSS r\ hue Fed LAty e Covorse -wxr\,m..f;
DIOCh e G et Brpan 1100y ve o ave rerll clechun

Mufe i Gk "“’f?gf:’t -'r’.-;‘f“" 't“ R ey f -fi’f:, .!'f-t?"'y-'?:"'-f"f";'*'( §
B. Which specific step makes thlsanegatave feedback Ioop‘? SR S AL

Cooley Ontyviess 1‘,;;&“‘“‘ .{(g\,f’t Q}f{o\_ wice Yeulis L
ems closd Qo vQ{‘w\ Dl

C. How might cloud cover produce a positive feedback? -+ 6 Sraw\o@r@ “(’ur\e
s woaeat | Yasre fore ¢ oun SIS Tuagler gy LU e

TROUAS |\ POUZ VD v e A :
AR Sover St A Wi 1 gy, mgf

Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by

greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

The melhing and \o5s gt clacia l tceand 1re Tlate T
Josttrve Feed boe o oo, e ﬁ{""‘”‘“-‘é?ﬁ*‘f‘i "\-\,0 ot

i
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

¢ START

’ /“‘M“..\"\\ "\s h

N “anmk& '?0/7\(\00 / \
Earlier \ :

snowmelt | { lesssealice |

e

4

o N

Increased

Increased )

( n
- et radiation / , e
//—‘ \\\\ / W /
\‘
]

/  Increased Decreased \ (
)

- i
\ sr(c::::?h } ( albedo \  evaporation
I I N

"

3 More \

Pecreased ] \
i summer !

lQet radiation / 3 clouds
N ’ /
. / S g

T - e

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
7%@. hQ}a(][/(/Q d/&’wn C;tleQQ/\ 7!6

< §7Z(’/M ML-\CQ
632;5/5257'%;1

F. Pick a positive feedback loop and explain how it moves the system away from

Séwy
bf‘.' /375 { %—

equilibrium. ,
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Part 3: Homework

if you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1} Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: B‘PQQOK bkp W\ 2 Pm ¢ QSS .

%2. Negative feedback:S\D\MS /SJ\_D P‘S e \D‘(DCQ%S .
By
I
Q)

\Q‘(W\@g IC-CA\OSeY o (ic\b\,&u\ovi N2 aY

% Questions

C ;O/ A. Why is cloud cover considered a negative feedback loop in a warming climate?

S p¥ I 0I0S SUNW m (S6IQY radianony &rpm
2 5 E NeCNg e EQ S AATMNOSDNEXNE..

30

? gd B. Which spepEﬁc step makes this a negative feedpack Igop?

) gwe BIOCKNg e STIaY Yadtahoh:

e

= g’/ C. How might cloud cover produce a positive feedback?

=T maybe W oacrs asyadbidia like Greenhouse
S T 5 qQusesS oncl WIDCKS sunlaink on Tourtn's
2 tNOSPNre. In IS inSrorcer, it woulid

S reate o wmeadenae. DoSINVe Ceedlnacic

Albedo: LODBYD-
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it fo
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’'s surface and is converted to thermal

energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or paositive feedback loop? Explain your response.

Megcm\z@ The A\NDedD eFFect (S tne
oppog\f{ ST Ve &xveeonnodse Effecy -
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On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle. .
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— \ net radiatign

o e
(™
Increased \ ......
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E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
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Feedback Loops

Objectives

Upon completion of this activity, you will be able to:
« Identify positive and negative feedback systems
» Describe how feedback systems impact giobal climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

- 8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work
The first example is a positive feedback system.

Tahle A. Positive Feedback Loop

Babies Crying Permafrost in the Arctic

Baby is hungry and starts
crying

Other babies wake up

Other babies start crying

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying Cloud Cover

Babies are crying

Nurse feeds hungry baby

Hungry baby stops crying

Other babies stop crying
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback:

one evenk ot eSS by Lqppm ) Whee
_ CAWSES  ohur e Vinis
2. Negative feedbacl:m LUK CG\VQ}.S On ML vt J(D

. L e fiwn
Questions e P \157, (A ordd” Ao M 5["\\\&\0 M
A. Why is cloud cover considered a negative feedback loop in a warming climate?
Cgnlong  gasef  cangt W ATmnY, LT s
f“’”l‘“uf Sagre clond S, wflmak N sua E

a woafmin
B. Which specific step makes this a negative feedback loop? ¢ rendt j
e ((o=ds Cavor KO (NCEAZRL (0

C,aq{'y

C. How might cloud cover produce a positive feedback?
Cloud cover Causes an increase i'n refrecton
of light W huch causes tre femferaiwd re
decrease,

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth’'s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

Loss of  g@ciTrs ¢ e cafs would resalt '
MO fediatine esalbed and 4 PeSIhel
feedvack loof.
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Feedback Loops 1 3

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

e

e

Earlier

(=)~
Y

* | lessseaice |

N

4

% o ( Increased | }
TR . net radiation B SN
2, N “ /& Ve \ // >
Increased % S

Decreased | {' Increased |

\\ ...... \\‘\‘\"-m . \\‘“—‘.._.,,..- d

J: . VW;W /

T N
AN
More \1

! Deer

{ Decreased | j i

Qet radiation / 5 | s:r:lrjir i
/ \. /

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

Mort. atTnos Plefie heatbng creatcs earlier
crowme it hith calases inccedsed s¢rup
g rowtn

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

Mort,  atmosfieric hmh’r\j leadhs T 55 Sea
[l whidh  Mereases albede oand  ynopeases

et fadiatten
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Part 2;: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback: +he cha N4e  cages durfbee o hange in the Some A e .

2. Negative feedback: ehange cowes Change In Fhe oppow o olireetion (more
elowe 'fff fo zwﬁ’bn'um}r —? -S‘fowfhj e N el nﬁf‘nj the Efe
Questions

A. Why is cloud cover considered a negative feedback loop in a warming climate?

beeacye clowot cover Plt-’"/& vole Of a 8 hiefof PA e sun gLt

bo tunces of ( vefhects 0([}‘/146 clowets - ot ouarm;“»;f e Tem p,

B. Which specific step makes this a negative feedback loop?
Constnsertrenan.. —>
Wf leeds Fhe sun Hgh - back intfo spars defore (n wathes
Flr et foren &f e e nv-te, I—HWM’)'J’}& Clowots l€1> 10 fess geer //J’t'f“
C. How might cloud cover produce a positive feedback?

1t cocuiot . imake the swrface wacmen,

I f*]'{@ujﬁ M oLe M,ibs; Jv0 M (uQPorqu'g), —= jn csarr femp,

A antegy UGS cnsfing mote fmP inewre | When Nelsaying Fe Fenmp

Albedo:

On Earth, water and soil covered surfaces absarb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun'’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

T+ woaild nikult )’)O‘S?'ﬁl/f_, feeof bowete (900,

Bocawst the fempecaiure will continee forive W/ She
o e T fo g i1 _Lummzah?j Crewses Lovs of glaciers loss of
9 faeiers caanc [-ens wj [eetrom o(;. (Crelrey hem hiehr capese moile

col 40 apsoch Jhe  ractia Dy, gorth absor bf'ﬁ? Tl [eielia Tdr—
;
3
ot €U P Gacoicn ¢ limat,
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Feedback Loops

On the diagram below, a} insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

START
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/’ N
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/
H

| serub ) . i
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\ grqwth/ AN \!\Mvd oeh

‘ \.\_k.,_“__m_ﬂ_,
N

o o

N meetive

!/ Decreased | {
ase ! summer
? - ta I‘adl-‘:ll'lﬁy <§/ \\ clouds

M e

E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. '
The neggfive feectback brings the system cloce fo egeeh’brivenm

becowst i s(ows down the paocly o sfops The process Comple #ez? o

change the ctireetion, Nega hive Jeeotback. creates G barvies to balapee
the sysdem  jnsfeet of letting 1t o chapge. compleHly. Cuaporation cowne,
more clowelts which blocle fhe cunlight = ey boa +hg,
F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

Deihve Jud back pushes “the system fogrds mote change

Jriwguu{j}&/ change, 7)’]4 ,Dmn'ﬁf/é— feed baet increanen ~fhe

Change in a{'masphme(mrmf'ha) WGImMiNg ¢awnes relt, « ler
g

- ; 4 ; ; A
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r
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ISP203A — Global Change
Feedback Loops

Part 3: Homework

If you complete the group work, you may work on the homework on your own. This
means your answers should be generally unique from other students’ answers. Submit
your homework using ANGEL.

The following mechanisms have caused the climate to change in the past.
1) Determine if these will cause global warming, cooling, or neither, and explain
why.
2) Determine whether these are examples of positive or negative feedback loops
for the climate system.

Aerosols
Large volcanic eruptions can eject ash in the upper atmosphere. This ash can remain in
the upper atmosphere for many months, blocking the incoming solar radiation.

Coo/r'n;

Rainforest
Cutting down large portions of the forests on Earth kills living plants that remove CO2
from the atmosphere through respiration.

Permafrost
Melting of permafrost will release methane gas, a greenhouse gas.
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ISP203A — Global Change
Feedback Loops
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Part 2: Group Work

Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: (hgrgp 10 G Suste Cawses Futnor Cham
0 Systey Waredse avergl) . alheh

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Because it camses tha greenhnase Prowst o
O dann. e releas OF radh otien salld slaw.

B. Which specific step makes this a negative feedback loop?

More Cla equats €8y Riar fediakion .

C. How might cloud cover produce a positive feedback?

Could decrease +he +emperoture OF +hy
eGrn.

Albedo:
On Earth, water and socil covered surfaces absorb the Sun’s radiation and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it: During times when Earth’s surface is covered with more ice, more of the
Sun'’s radiation gets reflected back to space. During times of less jce coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases. C '

D. If global warming cauées the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

s LOIB e G pastive Feed back oo becouse
tne Welting of Gladers causes ot everie , lilee
the dRereate of T00iGhon reflectd by the Sun. Thi
il also effect oftur evervs esling \n O plitive

feadback.
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Feedback Loops

On the diagram below, a) insert arrows to.complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

{ ‘serub ‘ . albedo \
\\.%frqwth// @ . \\jed / N ) //

P

<@

AY
Earlier \} &

snpw‘v

ﬁreased
et radiation

e Ty n
// N \
/ Increased e,

g

/
N

Decreased | ( Increased |
evaporation /

\“5-»_...._.-- — @
. I w"._\
N — \.‘_ . /

O/ N ST
/, Decreased ‘l . !/ More \1;
"\ netradiation / <—-——-—___.__“;‘; summer ;

. \\ clouds /

g p——

Pick a negative feedback loop and explain how it brings the system closer to
equilibrium. . "
Becase the Mare Ghrmosphenc €nds in
(esoting wrn less Grasphene  neatiog

Gt +tne ©0 OF 4he \ocp.

Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

The 1o3p Clways ends wih wore girrasphedic
ecng and PSS increased witn every op
nSteag GF dweo:s“énq
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Part 2: Group Work
Make sure everyone in your %%LJF] unﬁderstands these terms before moving on.

1. Positive feedback: #, C in the g‘JSm cau move mcmgéf
mcmqsg-g? so_gqa, scome Lomponent inanged avcrddl
N her _

2. Negative fgedback; A chandge 1 n +he SyYsttm causes an posite
Cha,rh)tqe SO IT5 ¢joserto equitiphium., Negahivc feed bate
MLICASLS s122 0f Chan §Cs gaing on in sys+cm —condd also

Questions _ cau s n&l ang
A. Why is cloud cover considered a negatiye feedback loop in a warming climate?

Be st nueased covd cOLr cald 83" Weaker

WAMIng beCAULE ey arc Litfing 1 LLss cunlignd

B. Which specific step makes this a negative feedback loop?

WEAKLr Wowming -(QMSINg LSS of the Same

cioud cover somenow
l-(F%[ cowds. ""MUﬂj s recased (¢ neat) wnen clouds

form s0 +orup gots up

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun's radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

posihi L e M <€ |
lnbkCGSCWWP -—ﬁq\aumflbf
ovaPO anpm = '-marecbf/e

wmuting — \nuceased
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single

circle.

———,
s

hY
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n
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N S ™ / ™

/' e
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i SEF!J;h } albedo K evaporation
growtn
! Hff’ M /

Py

' / \- / M N
Pecreased | / are 4

erea; {
(‘ket radiatiy;} é__,/-——— l\ clouds /j

T e

E. Pick a negative feedback loop and explain how it brings the system closer to
equilibrium.

M e ay lads ko less  Seq et RN
Lewds  bo O\ acresd €eyp =D ANl Suntm QevdY A

Jeccs®  ade Cadia an RN Stws e Gavonnte

Ctapera b 5 acceS iy, brigin ledodm taequy,
F. Pick a positive feedback loop and explain how |t moves the system away from
equilibrium.
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ISP203A — Global Change
Feedback Loops

Objectives
Upon completion of this activity, you will be able to:

« Identify positive and negative feedback systems
+ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system {o equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes

@og‘(ﬁ\ie - O Croneg thot, Cau¥es overall rove. cranges
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ISP203A — Global Change

Feedback Loops
Part 1: Class Work

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

Coricon dioxide Ord methane Gure
re0sed intp  omosprere

Other babies wake up

CENRRICITUTE inCrenses  (draus gervoiios)

Other babies start crying

fnore oo diodde N4 yethare ane
vEransed

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying

'ihCX(’ﬂ%'\rg QOron dicxide causes 2

INCIEASES  LpeMing

Nurse feeds hungry baby

Warmmeg (U3ES exolrakion and
rereosed  Uouds

Hungry baby stops crying

reoye Cloudsz 163 300

Other babies stop crying

€33 warming

-
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.

1. Positive feedback: C‘rﬂ\’tﬁ Hot Q@sS o of Hre Qe CYOY‘ng
S0 TNOL one compopnient 1 trereasing |

2. Negative feedback: # (‘Jngrgc ~Prot QUES an oORCRIE repcton uch
IO e wem rures o Equiitoriom

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

WOrm Emoerature CARES ares3ed  Adud  over nouseer
toe CoudS vloge  sonignt ond AUSE  lese SVaigyatigte}

B. Which specific step makes this a negative feedback loop?

Tre Cooingy LD LEA0Se S yerurns 16 @ aquitibrium
tnd SOpS the 0OP
C. How might cloud cover produce a positive feedback?
[ couds Yernse went (uren ey form), ey will wUwse e
et WO 08 YO £\0poEadn, thove LYY Napor in  The

OunoDrere, Ond enrorea. e (reen 'nouse efkect

Albedo:
On Earth, water and soil covered surfaces absorb the Sun's radiation and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun’s radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’'s surface and is converted to thermal
energy. This thermal energy is radiated fowards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.

TN (E30IS fn o (oBimive feedbock. 100p
Gloead  warmirg —> 0% of goders ond e Sneets

A \

oYt Sucface D OEND Tee
@ tﬂ ” .
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uQvner




[ISP203A — Global Change a“ :

Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

.,——-\

Earlier
snowmelt

_______ / .
RN
a0
> Q@)\ B /
A

] ( Ingreased d
U net radiation j‘ i S
s L N
ingreased Decreased \ { Increased
{ scrub albedo ] t\ evaparatien
\ growth / N ) /

RN / BN
/ 5 / More y

Decreased 3§ o

S {
| net radiation / L summer
\ /’ \\ clouds

-

Less sea jce

/

E. Pick a negative feedback loop and explain how it brings the sysiem closer to
equilibrium.

ncgat‘iv@q

nidiol Ananal s o ommespneric \r\eatmg > landnees  aquitiboriom

end  result s 165 abmosPneric neating

Tre neoting ond me,\tmg Creates Cloud coverage and decrectes

odigton 20 There is s heating
F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.

prore reol \eads s More neot
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Feedback Loops .

Objectives
Upon completion of this activity, you will be able to:

« {dentify positive and negative feedback systems
+ Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium,

- 8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Feedback Loops

Part 1: Class Work

A3

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

Yacreased LOO-Crth g T

frost
Other babies wake up LVW&”“‘_) e (1 e
& releetes ‘}Mt%umﬁlkj‘
. . 5&% ‘ws'.. g5 Cande fn ereasedd
Other babies start ¢rying Lot }‘5
We will now look at a negative feedback system (Table B below.)
Table B. Negative Feedback Loop
Babies Crying Cloud Covel;

_ me LS+ 34‘5 Convie A (r-&‘.-«,}»&g{

Babies are crying L '\U

Nurse feeds hungry baby

WN'«-!A'J CaiF z,‘mpar-t‘f\\-.
& (\\M‘V’& C,LV&Q Cortm

Hungry baby stops crying

i | Gt d
s, less
Other babies stop crying o {‘(J,.,.kn.\b,
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Part 2. Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback:

2. Negative feedback\:/‘

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

Clood  cover E/Dr/é's %u%’fg"f‘ frm o
Grvnd & +He rest o dhe afvosplare

B. Which specific step makes this a negative feedback loop?

He

B

)45-55 S’u»-fr'JH“ Casey  Wwetalker wwi"mr‘hj

C. How might cloud cover produce a positive feedback?

Toetle clads Amp Ahe head dugde H
d'!‘moyf;,lwrc

oless clood couexr lnerteper oo - LA
Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it to
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth's surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of [ess ice coverage, more of
the Sun's radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback loop? Explain your response.

?05 e MLM/KC ) é@é‘aav%&;
/OS-'/IJ j(ﬂ&f(&ry é (“C-Q SL&*é{j Pe/l@g,;?ﬁ,j’ ‘J/ZJ/'V&’\,/
ij/ & (WCrtagey ‘(/Lc, aw&fﬁ// Wmh

3
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) fabel the
feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START

Earlier -
snowmelt /

-~
[

f O

v lncreased\ (
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a]{ s
- L
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E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.
&v&f‘vxf'ﬁhﬂh L'{’L‘h

hmpf)Pi—\u e L\,,:E\W.. lpafisto bas 2e Yhay - T S oS ¢ Lev GQ/S &é@c, reafe
rada afom & cool Le Ao phere
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F. Pick a positive feedhack loop and explain how it moves the system away from
equilibrium.
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Part 2: Group Work
Make sure everyone in your group understands these terms before moving on.
1. Positive feedback:

B Gonae. Un SONNRRNOR (MEOURS wine. saume. SO0

2. Negative feedback:
CNlnge Mok \\ opediive T ML OYher Adoonge s

Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?

ROk ¢ Senningns Lol QAuAses \L Sy L0 g

B. Which specific step makes this a negative feedback loop?
\Nerease ot crouwd cover

C. How might cloud cover produce a positive feedback?
Heak Unereases o re Conceniokon YWore vau,
sy ol s

- PO e oF el oodhs Yelease oL U St pnece

Albedo:

On Earth, water and soil covered surfaces absorb the Sun’s radiation and convert it {o
thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back to space. During times of less ice coverage, more of
the Sun’s radiation gets absorbed by the Earth’s surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this resultin a
negative or positive feedback icop? Explain your response.

O wve. Seodlonae- -

\WNCVeRie el SUNUANE, UOCCease NN U reae. odotorioed
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Feedback Loops

On the diagram below, a) insert arrows to complete the feedback loops and b) label the

feedback loops as negative and positive. MORE than one arrow may go to a single
circle.

START _ -—

/

Earlier <
snowmelt

]

i o

{ncreased

net radiaticy

/ Increased \‘ e

( serub )

T

Re_/ N
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} atbedo

R

(' Increased
hY

eVap.Or?.tiQ)

Q— (l Decreased 1 { SL?:I:;{ \i
\et radlaty é\ “.\ clouds //’l /
Z : e
E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium.

F. Pick a positive feedback loop and explain how it moves the system away from
equilibrium.
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Objectives
Upon completion of this activity, you will be able to:

» |dentify positive and negative feedback systems
» Describe how feedback systems impact global climate change

Causal Principles

1. Gravitational energy, thermal energy and/or chemical energy drive all movement and
change of matter on Earth.

2. A system is in equilibrium when energy in the system is balanced.
3. Matter moves and changes to return a system to equilibrium.

8. Feedback loops can accelerate, decelerate, or dampen change.

PART 1: Background Notes
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Part 1: Class Work

%0

The first example is a positive feedback system.

Table A. Positive Feedback Loop

Babies Crying

Permafrost in the Arctic

Baby is hungry and starts
crying

GrEEAROLNT oS (s e
Nereas-edl Worining

Other babies wake up

EFNDy Ot Pex motvos -
and rALastS methan-e

Other babies start crying

gr\ﬂ(,mw{ gas (Wre
\NO\JY'MM?\J

We will now look at a negative feedback system (Table B below.)

Table B. Negative Feedback Loop

Babies Crying

Cloud Cover

Babies are crying

greenhous€ gos s €
N €aSTd WO (1)

Nurse feeds hungry baby

Wow g (o3& Vhuperart on
apd CAOUG vy

Hungry baby stops crying

CONSRS 1SS o mino

Other babies stop crying

felks gew (s b M Gpadt
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Part 2: Group Work —
Make sure everyone in your group understands these terms before moving on. A 42gax08
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Questions
A. Why is cloud cover considered a negative feedback loop in a warming climate?
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B. Which specific step makes this a negative feedback logp?
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C. How might cloud cover produce a positive feedback?
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Albedo:
On Earth, water and soil covered surfaces absorb the Sun’s radiafion and convert it to

thermal energy. Glaciers, ice sheets, and clouds reflect the Sun’s radiation, rather than
absorbing it. During times when Earth’s surface is covered with more ice, more of the
Sun's radiation gets reflected back o space. During times of less ice coverage, more of
the Sun's radiation gets absorbed by the Earth's surface and is converted to thermal
energy. This thermal energy is radiated towards the atmosphere and absorbed by
greenhouse gases.

D. If global warming causes the loss of glaciers and ice sheets, would this result in a
negative or positive feedback loop? Explain your response.
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On the diagram helow, a) in_séi‘tﬁ arrows to complete the feedback loops and b) label the

e

feedback loops as negative and positive. MORE than one arrow may go to a single
circle. o o
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E. Pick a negative feedback loop and explain how it brings the system closer to

equilibrium. B ” -
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F. Pick a positive feedback loop and explain how it moves the system away from
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